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Abstract 

This paper presents the revised estimates of various ultrasonographic markers used in 

practice for estimation of gestational age among singleton Indian population. Accurate 

estimation of gestational age plays a vital role in efficient obstetric planning and also helps 

us to estimate fetal malformation or growth retardation. Incorrect estimation of gestational 

age can result in grave complication for the patient and liability for health care providers. 

But the spectacular improvement in ultrasound imaging quality in the past decade has 

contributed to the rapid increase in its use as a diagnostic tool in the past decade. The 

ultrasound based growth chart used in practice date back to 1980’s. These charts have been 

found to estimate the gestational age with an accuracy of 2 weeks which is high compared to 

the state-of-the-art scanning systems. Hence in this paper an effort has been made to review 

the various ultrasonographic markers for fetal growth estimation and also propose revised 

estimates for US charts for singleton Indian population. Results indicate that using the 

proposed scheme, it may be possible to estimate the gestational age with an accuracy of 2 to 

3 days. 

 

Keywords: Gestational Age Assessment – Ultrasound Fetal images – Obstetrics and 

Gynecology. 

 

1. Introduction 

The advent of ultrasound has allowed a more direct means of assessing fetal 

structures and development of various organs. In the past, gestational age has been 

established by a combination of the historical information and physical examination. 

Predictions were passed based on menstrual history index, maternal sensation of fetal 

movement, assessment of uterine size by bi-manual examination in the first trimester, 

initial detection of fetal heart tones by Doppler and uterine fundal height measurement. 

[1-6] However it has been reported that, even in best known cases, the menstrual 

history index and fundal height measurement techniques are also fraught with error [7]. 

Timed ovulation and invitro fertilization with known date of conception are expected to 

estimate the gestational age accurately. However in most pregnancies the date of 

ovulation or conception cannot be as a accurately predicted as outlined by other 

methods and hence gestational age must be estimated by other methods [8-22]. In 

limited number of cases, basal body temperature and luteinizing hormone surge 

indicator are also used for estimating the gestational age with an accuracy of +/- 6 days 

[12].  The improvement in the field of ultrasonic imaging has made it a strong 
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argument for its use in obstetrics and gynecology. Presently obstetrician gynecologist is 

frequently called upon to perform ultrasound examination of the fetus in the first 

trimester. Compared to the physical examination ultrasound examination of  the fetus is 

expected to provide the physician and healthcare professionals with estimates of greater 

accuracy. In the first trimester, Yolk Sac Diameter (YSD), Gestational Sac 

Diameter(GSD), and Crown Rump Length(CRL) measurements have been reported as 

the primary means of evaluating the gestational age. Fetal head, body and extremity 

measurements have been widely reported and found to be used in the second and third 

trimester [11-22]. The measured parameters include the Bi-parietal Diameter, Head 

Circumference, Abdominal Circumference and Femur length. Apart from these Orbital 

Diameters, Binocular Distance, Measurement Fetal Thorax, Embryonic Trunk 

Circumference, Fetal Heel Ossification, Foot Length Measurements, Transvaginal 

Pelvic measurements have also been reported in the literature for assessing the 

gestational age assessment. Recently Nasal bone length, Nuchal Translucency 

Thickness, Naso-Fronto Angle, Naso-Maxiliary Angle have also been reported to 

provide some information with respect growth in the fetus. 

Obstetric charts are prepared by various paediatric associations worldwide for the use 

by the obstetricians and gynaecologist [7-14]. In the recent years, researchers have been 

focussing on population specific obstetric charts for various ethnic groups and the inter 

population variability in fetal growth patterns. In a study on Isralei population, 1,422 

singleton pregnancies have been studied and obstetric charts based on Femur Length 

and Bi-Parietal Diameter have been constructed. A study on Atlantic black indigent 

population had revealed that the foetus had larger head, smaller abdomen and short 

femur lengths compared with the obstetric charts in practice. Another study on Indians 

and Caucasians in Britain suggest that measurements of the abdominal circumference 

were smaller in Indians than in White Europeans. Jacquemyn has reported differences 

in head circumference, abdominal circumference and femur length while investigating 

foetus from women of Belgium origin and migrant women from Morocco and Turkey. 

The fetal measurement charts in use in include the crown rump length, Bi-Parietal 

Diameter, occipital-frontal diameter, head circumference, femur length, abdominal 

circumference and humerus length. The data for the earlier of these studies have been 

reported to be collected on A mode, static B mode scanners and first generation real 

time systems with linear array transducers. Circumference measurements for both the 

head and abdomen studies of 1982 have been found to be performed utilizing a hand 

held map measurer on a ‘Polaroid’ image [11].  The margins for error were great when 

compared with the state of the art real time sector ultrasound systems with electronic 

measuring facilities currently used for fetal assessment. Due to the developments in the 

field of diagnostic imaging, the expectation of the obstetricians and gynaecologist has 

increased to have an improved obstetric chart for accurate and effective decision 

making. In this work, the fetal growth charts is constructed on prominent fetal 

parameters in first, second and third trimesters. The prime features including Yolk Sac 

Diameter (YSD), Gestational Sac Diameter (GSD), Crown Rum Length (CRL), Bi-

Parietal Diameter (BPD), Nasal Bone length (NBL), Femur Length (FL), Trans 

Cerebellar Diameter (TCD), Head Circumference (HC) and Abdominal Circumference 

(AC) have been expected to provide accurate information about the foetus and charts 

have been constructed. The rest of the paper is organized as follows. Section 2 

introduces the data acquisition procedures and the biometrics for the various fetal 
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features under investigation. Section 3 deals with the results obtained followed with 

conclusion and references. 

 

2. Methods and Materials 
 

2.1 Data Acquisition 

The images of 5 to 30 weeks of gestation are obtained using high resolution scanning 

systems such as Wipro GE Logic 400 Curvilinear probe with transducer frequency of 3 

– 5 MHz, THI Siemens machine using curvilinear probe with a transducer frequency of 

2.5 MHz and Toshiba Colour Doppler scan SSD 420A (NEH1030) using a transducer 

with curvilinear probe containing phased array elements with frequency of 3-5 MHz. 

The images have been obtained on Transverse plane, Mid Sagital plane and longitudinal 

plane. Intracavitary probes are also employed if necessary to get a clear quality image. 

Necessary care has been given to preserve the shape, size and gray level distribution as 

it obliterates the sonographic content of information.   

2.2 Fetal Biometrics 

Gestational Sac Diameter: The gestational sac is the first evidence in pregnancy. It can 

often be recognized in the uterus after five weeks of amenorrhoea and can be located 

asymmetrically. It can be found as a double echogenic ring in the uterus and can be 

distinguishable from 5 to 6 weeks with uniform ecogenicity. A small gestational sac is 

usually due to a blighted ovum and is fairly a common finding. On the ultrasound 

examination, if the GS is found to be smaller or larger than the expected for the 

particular gestational age then the fetus may be treated as abnormal. 

Yolk Sac Diameter : In the early trimester, the yolk sac can be identified as a fluid 

containing sac which appears as a high contrast object in the sonogram and is 

volumetrically larger than the early embryo. From about 7 week onwards, it is usually 

possible to see a round cystic structure about 4-5 mm in diameter adjacent to the fetus. 

The yolk sac must be visible when the gestational sac has attained 15 mm of diameter. 

Absence of Yolk Sac is abnormal and is associated with fetal demise. A larger Yolk Sac 

may cause adverse outcome on the fetus. It disappears at about the eleventh week.  

Crown Rump Length : The Crown Rump Length (CRL) has been described as the most 

reliable ultrasonic parameter for determining gestational age in the first trimester. 

Crown Rump Length is measured at sitting height, mid brain to the lowest point of 

breech.  Ultrasonically the CRL is measured between the fetal poles (cephalic edge) to 

rump and should be measured when the fetus is in a neutral position. CRL can be 

measured reliably form 5 to 14 weeks of gestation and it is important to assess fetal 

position as fetal flexion can cause variations of up to 7days.  

Head Measurements : Fetal head measurements include the BPD, OFD, TCD and Head 

circumference. BPD is measured at the level of Thalamai and Cavum Septi Pellucidi. 

The Cerebellar hemispheres should not be visible in this scanning plane. The 

measurement is to be taken from the outer edge of the proximal skull to the inner edge 

of the distal skull. The head of the fetus may be flattened or rounded. In this case, fetal 

head circumference measurements may be more reliable than BPD for estimating the 

gestational age. This can be considered as a most reliable marker from 12
th
 week to 26

th
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week of gestation. The OCD is measured along the longest axis of the skull at the level 

of the Bi-Parietal diameter from outer edge to outer edge. Head circumference is 

measured at the same level as the Bi-Parietal Diameter around the outer perimeter of 

the calvarium. This measurement is not affected by shape.  

  Head measurements are reliable from 11 weeks gestation. Recent studies on 

TCD have shown that the GA can be estimated with 92% accuracy even in late second 

and third trimester. Hence population based studies which are being carried out by 

researchers are now focusing on TCD to evaluate its potential in gestational age 

estimation.  For obtaining the TCD, the hemisphere is to be measured from the midline 

to the inner border of the skull. TCD measurements can be obtained reliably from 14 

weeks of gestation till term. 

The Femur and Humerus Lengths 

Long bone measurements are easily obtainable from 12 weeks gestation and are 

particular useful when the lie of the fetus makes accurate head measurements difficult.  

Long bones are best imaged when perpendicular to the beam and the transducer should 

be rotated until the longest possible image of the bone is achieved and both 

cartilaginous ends are seen as blunt ends with a strong acoustic shadow posterior to the 

shaft.  Oblique view measurements greater than fifteen degrees off the perpendicular 

tend to underestimate the length, as one end of the bone will appear straight, whilst the 

end in the far field has a curved edge.   

Historically the axial resolution of an ultrasound machine is invariably better than 

the lateral resolution, although the newer systems have vastly superior resolution in 

both axes than the previous generation of machines. Between twenty-nine and thirty-

four weeks of gestation, the distal femoral epiphysis (DFE) ossifies and can be easily 

visualized.  The femur should be measured along the diaphyseal shaft, excluding the 

DFE.  The proximal humeral epiphysis (PHE) can also ossify prenatally, usually by 

thirty- eight weeks and, as with the femur, should not be included in the measurement 

of the humeral shaft. 

Nasal Bone Length : The fetal nasal bone can be visualized and measured after 11 

weeks of gestation. A mid sagital section of the fetus including the head and upper 

thorax and the longitudinal axis of the Nasal bone should be obtained for accurate 

measurement. Echogenic lines representing the skin over nasal tip, nasal bone and the 

skin over nasal bridge are to be visualized in the sonogram for accurate estimation of 

NBL. If the Nasal bone is found absent in 11 – 12 weeks scan, a re-evaluation can be 

suggested by the obstetrician in 1 week. 

Abdominal Circumference : AC can be determined at the skin line on a transverse view 

at the level of the junction of umbilical vein, portal sinus and fetal stomach. The 

abdominal imaging plane should be a true transverse cut at the level of the fetal liver 

and stomach, including the left portal vein at the umbilical region and ensuring that the 

aorta and IVC are circular. In the third trimester it may be difficult to achieve this plane 

due to fetal size and position.  Hence dating using AC should be made as early as 

possible. It can be used with other biometric parameters for estimating the fetal weight 

and macrosomia. AC can be used as a diagnostic factor for Intrauterine Growth 

Retardation in which the measured data is expected to be less than the normal.  
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  These features have been used for estimation of gestational age. The images 

have been pre-processed using CNLMM filter [18] and segmented using Shape 

sensitive derivative approach. CNLMM filter has been proved efficient in enhancing the 

underlying structures and Derivative segmentation scheme [31 - 40] has been utilized 

for segmenting the region of interest. The algorithms for these two schemes are given 

below. 

 

Algorithm for CNLMM filter___________________________________________________ 

Input : 

f(x,y), the speckled image 

Initialize 

 Window size   : WdxWd (speckle detection), WfxWf (speckle suppression) 

  No if iterations    : ‘i’ � speckle detection, ‘j’� speckle suppression 

       ‘k’�entire filter 

 Flag sequence  : Bi(n) [ : ] = ‘0’ % ‘0’ for good pixel, ‘1’ for speckle 

detected pixel 

 Weighting factor (β) : 0.34 (determined by trial and error method) 

Computations 

# Speckle Detection # 

 Generate flag sequence Bi(n)   %initially all pixels are set to be good % 

 If median d(x,y) < T 

  Bi(n) [x,y] =  0 

 else 

  Bi(n) [x,y] =  1  

 Stop when all elements in f(x,y) has been classified 

#Speckle suppression# 

 calculate maximum likelihood estimator at the spatial position (x,y) 

    
 if              Bi(n) [x,y] =  ‘1’,       y(x,y) = m(x,y) 

      else if  Bi(n) [x,y] =  ‘0’,       y(x,y) = f(x,y) 

when all Bi(n) [x,y] =  ‘0’, y(x,y) is the enhanced output. 

 

____________________________________Algorithm for shape sensitive derivative shceme 

// algorithm for optimized cost function based segmentation using topological asymptotic 

expansion of the cost function 

// Input  : v є V, real valued functions, constant at image level under the universal domain 

: u є U, initialized class which is expected to be in the segmented domain 

: ci є C, set of all possible classes that can be separated out. 

: K, energy minimization cost functional 

// Output  : ci, Class from set U which minimizes the derivative of the cost function Pec. 

{          Initialize 

i   {I}  є  Ω, the global domain 

v  {V} є  H
1
(Ω), a subset of the global domain Ω  with possible segmented 

images 

ci  {C} є  H
2
(Ω), subset of Ω with predefined classes 

 } 

    Computations 

 { Estimate the cost function Pec 

  if  derivative parameter < 0 
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solve a(φ,η) 

Calculate ci = (C – {c}) U {c + i} 

Solve eq 2  to get the derivative condition 

Perturb ci � ĉi incrementing the center of the class from i to i+1 

  Calculate α x Ђ 

} 

end when the value of α x Ђ satisfies the convergence criteria. 

 

3. Results and Discussion 

The clinically obtained raw images are preprocessed to remove the speckling 

artifacts using CNLMM filters and segmented using shape sensitive derivative scheme. 

The scheme for enhancing fetal structures uses two moving kernals with a window size 

of 3x3 for speckle detection and suppression. If the window size is increased beyond 7, 

blurring has been visualized and statistical analysis show a decrease in PSNR value as 

the window size increases. However for contrast images with high speckling artifacts an 

increased window size of 5x5 at speckle suppression and detection stages has been 

found to be optimal and utilized.  The threshold of 40 has been found optimal by trial 

and error method for speckle suppression. The features extracted from the processed 

images are tabulated in Tables 1 – 6. 

 
Table 1 : Estimated Fetal Growth 

estimators in the first trimester 
GA 

(Weeks) 

YSD 

(mm) 

GSD 

(cm) 

CRL 

(cm)  

5.0 1.4 1.0 - 
5.3 1.9 1.3 - 

6.0 2.4 1.7 - 

6.3 2.7 2.0 6.5 
7.0 2.9 2.4 10.2 

7.3 3.0 2.7 13.5 
8.0 3.1 3.1 16.3 

8.3 3.2 3.4 20.4 

9.0 3.4 3.8 23.7 
9.3 3.5 4.1 28.9 

10.0 3.6 4.5 32.7 
10.3 3.9 - 35.2 

11.0 - - 39.1 

11.3 - - 43.2 
12.0 - - 45.6 

 

Table 3 : Fetal head 

Circumference measurements in 

the first and second trimester 
GA 

 Weeks 

HC Measurements 

13.0 7.8987 

14.6 10.8571 

16.2 13.1659 

17.3 15.1182 

19.5 16.9333 

21.1 18.7565 

22.7 20.6591 

24.4 22.6383 

26.0 24.6176 

27.6 26.4463 

29.3 27.8999 

30.3 28.6798 

 

Table 2 : Estimated Femur length 
GA 

 Weeks 
FL  

Measurements 

12.0 1.0 

12.3 1.1 
13.0 1.2 

13.3 1.4 

14.0 1.5 
14.3 1.7 

15.0 1.9 

15.3 2.0 
16.0 2.1 

16.3 2.3 

17.0 2.5 
17.3 2.6 

18.0 2.8 

18.3 2.9 
19.0 3.0 

19.3 3.1 

20.0 3.2 
20.3 3.4 

21.0 3.5 

21.3 3.7 
22.0 3.8 

22.3 3.9 

23.0 4.0 
23.3 4.2 

24.0 4.3 

24.3 4.5 

 

Table  1 – 3 shows the fetal growth estimates in the first and second trimesters using Yolk 

Sac Diameter (YSD), Crown Rump Length (CRL) and Gestational Sac Diameter (GSD), 

Femur Length (FL) and Head Circumference (HC). The measurements have been made on 

the B mode US images as described earlier. These estimates are expected to produce an 

efficient estimate of the gestational age of the fetus. 
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Table 5 shows the estimate of Bi-Parietal Diameter (BPD), Trans Cerebellar Diameter (TCD), 

Occipital Frontal Diameter (OFD) and Abdominal Circumference (AC) in the second and 

third trimesters. For analysis, the data from subjects with uncertain LMP, suspect menstrual 

index, multiple gestations, malformed fetus, pregnant women with chronic disorders and 

women with medication which could affect fetal growth have been excluded. Measurements 

of Bi-Parietal Diameter (BPD) and Head Circumference were obtained from a transverse 

 

Table 5 : Estimate of various fetal features in the 

second and third trimester 

GA  

Weeks 

BPD 

(cm) 

TCD 

(cm) 

AC 

(cm) 

OFD 

(cm) 

12.0 2.0 - - - 

12.3 2.2 - - - 

13.0 2.4 - - 8.1 

13.3 2.6 - - 8.4 

14.0 2.8 1.3 - 9.4 

14.3 3.0 1.4 - 10.5 

15.0 3.2 1.5 9.3 11.4 

15.3 3.4 1.6 9.7 11.9 

16.0 3.5 1.7 10.3 12.9 

16.3 3.7 1.8 11.4 13.4 

17.0 3.9 1.8 11.8 14.1 

17.3 4.1 1.9 12.1 14.7 

18.0 4.2 1.9 12.3 15.1 

18.3 4.3 2.0 12.6 15.6 

19.0 4.4 2.0 13.3 16.0 

19.3 4.5 2.1 13.9 16.3 

20.0 4.7 2.1 14.2 17.3 

20.3 4.8 2.2 14.7 18.1 

21.0 4.9 2.3 15.1 18.7 

21.3 5.2 2.4 15.7 19.2 

22.0 5.3 2.4 16.3 19.9 

22.3 5.5 2.5 16.9 20.1 

23.0 5.6 2.5 17.5 20.9 

23.3 5.7 2.6 18.1 21.2 

24.0 - 2.7 18.7 22.1 

24.3 - 2.8 19.5 22.7 

25.0 - 2.8 20.1 23.1 

25.3 - 2.9 21.0 23.6 

26.0 - 2.9 21.9 24.2 

26.3 - 3.0 22.4 25.2 

27.0 - 3.0 23.2 25.7 

27.3 - 3.1 23.7 26.4 

28.0 - 3.1 24.2 26.7 

28.3 - 3.2 24.9 27.1 

29.0 - 3.2 25.4 27.6 

29.3 - 3.3 26.5 27.9 
 

Table 6 : Estimate of 

Nasal Bone Length in 

second Trimester 

GA  

Weeks 

NBL 

(cm) 

15.0 2.5 

15.3 2.7 

16.0 2.9 

16.3 3.2 

17.0 3.3 

17.3 3.5 

18.0 3.7 

18.3 3.9 

19.0 4.1 

19.3 4.3 

20.0 4.8 

20.3 5.1 

21.0 5.6 

21.3 5.7 
 

Table 6 shows the derived 

values of the Nasal Bone Length 

estimated in the second 

trimester. Estimation of Nasal 

Bonne length in the second 

trimester plays a vital role 

detecting the presence of down 

syndrome in the fetus. NBL 

along with NFA and FMA are 

the markers which are to be used 

for estimating the presence of 

down syndrome in the fetus. 

Babies born with down 

syndrome hardly survive upto 5 

years and in cases if they 

survive, they are expected to 

develop severe chronic 

disorders. 
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axial plane of the fetal head showing a central mid-line echo broken in the anterior third by 

the cavum septii pellucid, demonstrating the anterior and posterior horns of the lateral 

ventricles. BPD has been measured from the outer borders of the skull and head 

circumference (HC) has been estimated examining the outer peripheral. Transverse Cerebellar 

diameter (TCD) has been measured in the sub-Occipito-Bregmatic plane of the head. The 

femur length (FL) was measured from the greater Trochanter to the lateral Condyle. For 

abdominal circumference (AC), a transverse section of the fetal abdomen was taken at the 

level of the stomach and the bifurcation of the main portal vein into its right and left branches. 

 
Table 7 Accuracy Estimation of Gestational Age prediction for Subject 1 

 

Estimated GA using LMP:  22.4 Weeks 

 

Parameter 

Measured 

Value by 

Expert 

(mm) 

Estimated 

GA by 

Expert 

(Weeks) 

Estimated 

Value using 

TD 

approach 

(mm) 

Estimated 

GA using TD 

approach 

(Weeks) 

Prediction 

Accuracy 

 

(Days) 

FL 46.3 24. 5 42 23.1 ± 4 

BPD 58.7  23  58 23.2 ± 5 

AC 181.9  23.3 185 23.1 ± 4 

HC 223.8  24.2 220 23 ± 3 

 

 

(a) (b) 

(c) (d) 

 

Figure 1 : B-mode US images for a singleton subject showing various fetal features 

at 23 weeks of gestation.  
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Table 8 Accuracy Estimation of Gestational Age prediction for Subject 2 

 

Estimated GA using LMP:  28 Weeks 

 

 

Parameter  

Measured 

Value by 

Expert 

(mm) 

Estimated 

GA by Expert 

 

(Weeks) 

Estimated 

Value using 

TD 

approach 

(mm) 

Estimated 

GA using TD 

approach 

(Weeks) 

Prediction 

Accuracy 

 

(Days) 

FL 61.5  31.4 58.4 28.1 ± 1 

BPD 75.7  28.6  750 28.2 ± 2 

AC 261.2  31.0  256.1 28.2 ± 2 

HC 287.2  32  275 28.1 ± 1 

 

 

 

  

  

Figure 2 : B-mode US images for a singleton subject showing various fetal features 

at 28 weeks of gestation.  

 

Table 7 and 8 shows the clinical validation of the study carried out for various 

subjects. Figures 1 and 2 shows the B-mode US scanned images of singleton 

pregnancies at 23 and 28 weeks of gestation. Studies reveal that using the present 

scheme, it may be possible to estimate the gestational age with an accuracy of 2 to 3 

days. 
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4. Conclusion 
 

In this paper, a dynamic approach for measuring fetal features using improved Image 

processing techniques has been presented. The modified CNLMM filter has been used for 

Despeckling preserved the edges and has shown to give a high SNR. The region of interest 

has been enhanced while retaining the clinically potential areas. The segmentation algorithm 

based on topological derivative with its optimized energy cost functional has segmented the 

features and enhanced the edges for accurate measurement. Obtained results show that its 

possible to predict the gestational age with a deviation of as low as ± 2 to ± 3 days using the 

derived charts. 
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